A phytochemical investigation of the crude chloroform bark extract of Neolitsea dealbata from Paluma, north Queensland, Australia, revealed the two common triterpenoids, taraxerone and taraxerol, as well as three furanogermacranolide sesquiterpenoids, linderadine, linderalactone, and pseudoneolinderane. These compounds are reported for the first time from this plant. An ab initio investigation (DFT, B3LYP/6-31G* and post HF, MP2/6-31G**) of the Cope rearrangement of linderalactone has been carried out.
Phytochemical studies of Neolitsea have shown this genus to be a rich source of sesquiterpenoids, triterpenoids and alkaloids [1] . In this work, we present the isolation of terpenoids from the bark of N. dealbata (R.Br.) Merr., "white bolly gum" (Lauraceae), from Paluma, north Queensland, Australia.
Preparative flash chromatography (Figure 1 ) of the crude chloroform bark extract of N. dealbata led to isolation of the triterpenoids taraxerone (1) and taraxerol (2) (4.2% and 3.6% of the crude extract, respectively) and the sesquiterpenoids linderadine (3), linderalactone (4), and pseudolinderane (5) (12.0%, 3 .2%, and 0.65% of the crude extract, respectively). The structures were determined by NMR and X-ray crystallography (Figures 2 and 3 Since ten-membered macrocyclic moieties are generally very flexible, conformational analyses were carried out using both molecular mechanics (MMFF) and HF 3-21G(*) ab initio methods for compounds 3-5. The lowest energy conformation for linderadine is in agreement with the X-ray crystal structure ( Figure 3 density functional (DFT) analysis at the B3LYP/ 6-31G* level of the Cope rearrangement on linderalactone isolinderalactone, as well as the isomeric neolinderalactone, which is known to undergo Cope rearrangement, also to isolinderalactone [5] .
The DFT calculations (Table 1, Figure 6 ) indicate that linderalactone is 2.19 kcal/mol more stable than isolinderalactone, and are therefore inconsistent with a Cope rearrangement to give a 2:3 ratio of linderalactone/isolinderalactone, as reported by Takeda et al. [4b] . Even accounting for entropy, linderalactone is still favored at 160°C (ΔG r = -1.88 kcal/mol). Gopalan and Magnus [5b] have found that neolinderalactone exists at room temperature in a 4:1 mixture of conformers ( Figure 7 ). DFT calculations show that the lower free energy conformer is 1.18 kcal/mol more stable than the alternative; this is in qualitative agreement with their experimental results (the calculated ΔG° would predict a 7:1 ratio). Furthermore, Gopalan and Magnus [5b] found that Cope rearrangement of neolinderalactone at 300°C gave isolinderalactone in a 19:1 ratio (i.e., 5% conversion). Again, DFT calculations predict a negligible conversion of neolinderalactone to isolinderalactone (ΔG r = -7.54 kcal/mol at 300°C). Although Ess and Houk [6] have found that the B3LYP/6-31G* DFT method generally performs better than other DFT or post Hartree-Fock methods, this technique does not adequately reproduce the observed experimental Cope rearrangements of either linderalactone or neolinderalactone. The B3LYP functional has been found to give increased errors with increasing molecular size [7] , and the small energy differences in this sesquiterpenoid system cannot be adequately reproduced at this level of calculation. Schreiner and co-workers [7b] have recommended using higher level (e.g., MP2 with a 6-31G** basis set) single-point energy calculations on DFT structures as a confirmation, and we have carried out those calculations (Table 1) . The MP2/6-31G** calculations are in better agreement with the experimental observations and indicate linderalactone to be 0.74 kcal/mol less stable than isolinderalactone, consistent with the observed equilibrium ratio.
Similarly, MP2/6-31G** calculations show neolinderalactone to be 4.38 kcal/mol more stable than isolinderalactone, again consistent with the small amount of Cope rearrangement at 300°C that was observed experimentally. 
Isolinderalactone

Experimental
Plant material: The bark of Neolitsea dealbata (1866 g) was collected from several trees on 23 July, 1997 from the Paluma rainforest of north Queensland, Australia (18°57' S, 146°11' E; elevation 900m; 84 km north of Townsville) [8] . The plant was identified by B. R. Jackes and a voucher specimen has been deposited at the James Cook University herbarium. The fresh bark was cleaned of debris, chopped, and then extracted using a Soxhlet extractor and refluxing chloroform for 4 h. The extract was concentrated by rotary evaporation and approximately 30.3 g of crude extract was obtained.
Chromatographic separation:
The crude chloroform bark extract (21.2 g) was subjected to preparative flash chromatography on a 84 cm L x 5 cm D silica gel (230-400 mesh) column, eluting with a n-hexane/ethyl acetate step gradient (Figure 1 ). Fractions 8-10 were combined and recrystallized from EtOAc/n-pentane to give 889 mg taraxerone (1) [9] ; fractions 19-23 were recrystallized from toluene to give 765 mg taraxerol (2) [9] ; fraction 39 was recrystallized from EtOAc/n-hexane to give 2.54 g linderadine (3) [2a] ; and recrystallization of fraction 29 yielded 821 mg of a mixture (5:1) of linderalactone (4) [2b] and pseudoneolinderane (5) [2c]. Structures were determined by comparison of 1 H and 13 C NMR spectral data with those reported in the literature. In addition, X-ray crystal structures of taraxerone (Figure 2 ) [10] and linderadine (Figure 3 ) [2a] confirmed their structures.
Conformational analyses:
All calculations were carried out using SPARTAN '06 for Windows [11] . Monte Carlo searching techniques in conjunction with MMFF molecular mechanics [12] were used to locate the lowest energy conformations, and HartreeFock ab initio calculations using the 3-21G(*) basis set [13] were carried out on low-energy conformations to obtain more reliable energies.
Density functional calculations:
All calculations were carried out using SPARTAN '06 for Windows [11] . The hybrid B3LYP functional [14] and the 6-31G* basis set [13] were used for the optimization of all stationary points in the gas phase. Frequency calculations were used to characterize stationary points as minima or first-order saddle points. All reactions and activation enthalpies reported are zeropoint (ZPE) corrected with unscaled frequencies, but with no thermal corrections; they are, therefore, ΔH (0K) . Entropies were calculated using the linear harmonic oscillator approximation.
Post Hartree-Fock calculations: All calculations were carried out using SPARTAN '06 for Windows [11] . Single-point Hartree-Fock ab initio energies were calculated using the DFT geometries (above) at the 6-31G** [13] level, followed by a correlation energy calculation using the second-order Møller-Plesset model (MP2) [13] . Enthalpies are zero-point (ZPE) corrected.
